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I LITRODUSTICH,

The following re_.ort ceals with work it has been
sursuec at Frankford Arsenal Curing the last two ysars en the
development of nen-cerrosive gsriming mixtures. The program of
ex erinentzl work as originally ;lanned was very much amplified
as the work went on. For this reason no report was issuved at
the end of the first year, at that tiune some of the rore inter-
estin, imglic.tions of the yprovlem were beginning to be grasped,
and it wes decided to postone the date of report.

The wmost remarkable thin, about the history .of percus-
sion priuers is the total absence of any radical changes or
brillient improvements, since their inveation, such as have oce
cured in the field of propellant powders. Modern primers are
very wuch the same zs the fiist _.rimers made by Forsyth in 1807,
containing 70.6 parts ef - otassiumn chlorate, 11.8 parts of char-

"coal, and 17.6 parts of sulfur. Important isgrovements have been
made in the uniforiiity and reliability of primers, but the
priming charge still consists, x«s it has for the last century,
of a heterogeneous wexture of granular substaunces, capable of
taking fire when struck. The remark has frequently been niade
that primers are still in the "tlack pewder" stayge of develop-
ment.

The first improvement on Forsyth's primer came in 1819
when Wrizht used a mixture of mercury fulminate, potassium
nitrate, sulfur, and black ;cwder (1). lany persons, however,
still favored the chlorate nrimer because of its safety in
handling, and so Dreyse camo forth with a mixturse of 52.4 parts
of wotassium chlorate and 47.6 parts of stibnite, or antimony
sullfids, Dreyse's mixture must have been very.insensitive,
even wien comypared with Forsyth's mixture, for after awhilo
mercury fuliminate was added, and a priming mixture wzs producod
which was satisfactory enough to remain in use many yoars.
tany governmnents still use this mixture, or modifications ef it,
in their amaunition. Powdered zless is froquently used te
incrcase the sonsitivity, and & binding material sueh as shollac,
gum, or gelatin, is usually addod to hold the scparate ingrg-
dients together. One of the ausirian primors (1) (2) uay be
quoted as re.rescntative of thids tyze of mixturo, being composcd
of:

lercury fulminate 13.7%
Potassium chlorate 41.5%
Antiiony sulfide (stibnite) 33.4%
Fowdored glass 10.7%
Gelatin L.T%
100.0% .



The Unitoed States army usod a fulminateo mixture as
latc as 1899, but eventually changced to the chlorate, none
fulizinato typc which has gradually becn improved until today
it is ,.rovably the best primor frow a ballistic standpoint
that has so far beon evelved. Tho fulminate is oliminatcd
through the usc of mors easily ignited fusls, thcrehy incréas-
ing the sensitivily of the mixture, so that it cowparas very
well with mercury fulminatc mixtures., The composition now ba=
ing loaded at Frankford Arsenal is tho well known Winchester,
or F.A.T70, uixturc:

Potassium chlorate 53%
Antimony sulfide 17%
Lead sulfocyanide 25%
T.N.T. 5%

This composition is moistened with a small amount of gum sc=
lution and then loaded in the usual way. In this composition
the T.N.T. and lead sulfocyanide are the easily ignited fuels
which give the primer the required s¢nsitivity. In place of
these, ths sulfocyanides, ferrocyanides, and thiosulfatecs of
various heavy metals havs also been proposed for priming mix=-
tures. :

During rsce.t times a third ty.e of sriner has been
the object of wuch ex,erimental work. It contains neither
fulminate mor chlorale, and degends for its ignition on any
ons of sevoral explosive cowpounds., It is, perhayps, the "ideal"
tyse, since it attemgts to avoid the bad features of the fulri-
nate and chlorate primers. But none of the mixtures belonging
to this third type have been used exteunsively, and -hatever
advantapes they may seem to have are offsct by the fact that
vary little exgerience has been had witlh them.

At present then, there ars two tyres of prim:ng mix-
tures which are known well enough to merit consideration for
sorvice anunition. These are the mercury fulminato prinmer
without chlorate and ths potassium chlorate primer without
fulminate. Bach, howover, has serious disadvanta,es. Mercury
fulninate is somewnat dangerous to work with, it constitutoes
a constant monace to life and health. Ths chlorate primur, on
tho other hand, is quite safe to manufacture, but ite great
disadvantage is in the wmarked rusting caused by chlorato rosi-
du.s in rifles, nccussitating prompt and froguont cleaning of
tho barrcls (3) (4). Ballistically, tho chlerate primer is far
«nead of all otner types. The use of mychins guns synchronized
with cirplans propsllors in modern warfare places rigorous lim-
itztions on ths amount of hangfirc that can bu allowed in air-
crift ameaunition, snd in this respsct tho chlorate urimer is very



reliable. Hangfires ars very rzre, indeed, with the F.A.70
composition. But fulminatys privors show a persistont tendancy
to hangfire, ond in the o, inion of many this is their chief
disadvantege. At lcast, this is the one disadvontage that
would cortainly wr.went their adoption for service ammunition.
Wo huve then, on the one hand, the chlorats primor with its
good ballistics and bud corrosive effscts, and on tho othor
hand, the fulminate primer with its non=corrosive foaturces and
b..d ballisties. This, briefly, is thc situation now existing
with regerd to small arms priming comu.ositions.

The prasent work has been dirocted mainly toward the
olinination of hangfires in non-corrosive primsrs. Much
attention has also boeen given to the thoorotical sido of the
problem in an attewmpt to discover what conditions tend to:

_ produco hangfires. The report, thoreforo, has bseon divided

into two mzin ports: the first part describing tho mixturss
preparcd and the ballistic rosults obtained from thoia, and the
socond yart setting forth thoorctical considerations regarding
the composition and functionin, of priwmers. Theso investig.tions
have been confirmed exclusively to the primer used in .30

calibor ammunition, and tho conclusions drawn will, of course,
rclato only to the .30 caliber primer.

II. EXFERI}ENTAL CO: POSITIONS.

ith two oxcoeptions, 211 tho ingrcdicents used wore
vory puro chemical compounds cquivtloent to "C.P." grodo. Tho
morcury fulminate, howuver, w.s of thu usual purity usod in
detonctors and primers; that is, it contained zbout 09% mereury
fulmineto, Tho ontimony sulfido consistcd of ground stibnite,
cont ining oprroximxtoly 907 SbpS3 this grado beiny rogularly
usod for priming compositions.

Tho granulation of cach ingrocdiont was controlled by
1me.ns of four st.ndard Tyler sicves of 80, 100, 150, and’ 200 mosh.
Tho following conviention ji.s been adogsted for indicnting tho
finoncss of the various ingredionts.

100/180 ropresonts mitorinl which passed tarough

tho 100 mesh sicve but wis rot.incd by tho
150 mosh siovs.

- /80 roproscnts mnicricl coarsur that €0 mesh,
upwer linfit of coarsemasw unknown.

200/ = rogreszats waterizl finer Lhiu 200 mesh,
lowor limit of fincmcss unknovmn.

3=



liethod of Dry Lixing

In wmaking up a priming cowposition for dry charging, the
ingredisnts cre weighod separately and tlien mixoed by passing
them twico through an 80 mesh sieve, A brush is used to break
up lumps if any arc formod. If explosive compounds, such as
uercury fulminate, are to bo used in tho mixture, they are laid
aside until the other materials have been sisved., Tho explosive
melerial is thon added and tho whole thoroughly blended by
"rolling" the mixture on clean papor. All prining mixtures
loaded dry arc distinguished by having tho letter "D" added to
the serizl numbor.

Mcthod of Vet Mixing

In pra aring mixturos for wet charging, the ingrcedients
zro first mimed dry, the same proccdure bsing used «a for dry
charging. Tho mixture is thon poured upon e clean gless plate
and snough gum solution addad to give it tho projor consistency.
The cum solution is worked in by hand, and aftor thorough wix-
ing, tho com.osition i3 Llaced in hard rubber boxes anu covered
with a damp cleth., All the exporiment -1l wet mixturocs wore
loaded within thrio hours wftor they wore proepared. Thu gum
sclution is comgposed of: ‘

Gum Tragacenth 60 ports
Gun Arabic 110 "
Gluc (1-} Tust, Coop-

er's) i "
Hator 3000 "

All primine mdxturos loaded wot aru distinguished by having tho
lettor "W" added to the serizl number.

Loading

A11 oy erimontal mixturcs ars loudod on standurd machincs
undor production conditions, standard cups and anvils boing
used throughout. Tho pollots ure, of course, foilcd with sholl-
ackod wpapor moistonsd with aleohol, thu anvils boein. ins.tted
immcdictoly aftoervard. The priswors arc thon driecd ot 110° F.
for about 35 hours, and at 120° F. for 5 hours.

Testing

Aftor thy _riwcrs have boon dried, o quantity of ciscs .re
rrived wwith Sion, ind the primors criwped in. Somws of the primed
casos oro uscd for th. dror~tost to dotormine tho sensitivity of
the prim.roc, Tho drop-test is made in the usual way on .. standard
i.ching, using - frocly f£:1ling ¢4 oz. bzll drop;cd from various

Y



heights. The ball falls upon a firing pin which fires the primer.
U.8. Army Specifications require that all .30 caliber primers must
fire when the ball is dropped 15 inches, and all must fail to fire
when the ball is dropped 4 inches. Under well contrclled man-
ufacturing conditions, however, it is possible to narrow the
range of sensitivity considerably. At Frankford Arsenal, daily
dropetests on production work show that the present .30 caliber
primers fire very consistently at 10 inches and miss at 6 inches.
The results of drop~tests on experimental mixtures will be rep-
resented graphically, since this facilitates the comparison of
mixtures. A separate graph is placed beside each mixture, showing
+the number of primers fired vs. height of drop in inches. For
some mixtures, a dotted line graph is also drawp, showing the num-
ber of "squibs" found at each height. A4 primer that ignites, but
burns so slowly that no report is heard, is counted a squib.
Normal primers give a loud, sharp report.

If the sensitivity of experimental primers is satis~
factory, a hangfire test is made under full machine gun action,
firing two bursts of frem 50 to 100 rounds each. The hangfire
machine consists of a paper disc rotating in front of the machine
gun. The disc rotates four times for each round fired, the speed
being maintained at approximately 1800 r.p.m. The bullets pass
through the disc near its edge, and it is plainly seen that if
the ammunition is functioning perfectly, all the bullets will
pass througn the same hole in the disc. But amumunition never
functions perfectly. The separate shots always have slightly
different velocities and, as a result, a group of holes will be
found along the edge of the disc. According to Army Specifications
for service ammunition, any shot that lags behind the first shot
in ths group by more than 108° of arc, disc speed 1800 r.p.m.,
shall be counted a hangf:ire. A shot falling between the main group
and the 108° 1limit is ssunted a lag. For aircraft ammunition, the
requirements are more rigoroue. Any shot that lags behind the
main group by more than 27° is counted a hangfire. But the results
given below have been recorded from the standpoint of service
eommunition specifications, so that lags will be recorded up to 108°,
beyond that, hangfires. 1In order to determine the lag of the
main group itself, the "zero™ position must be determined by firing
a single shot with the disc standing still. The distance from
the "zero"™ shot to the beginning of the main group then gives the
lag of the main group. In tabulating the rosults of hangfire tests
on exrerimental mixtures, abbreviations will be used as follows:

R ® Number of rounds fired.
Z = lag of main group behind "zero®™ shot, in degrees.
G ® Spread or extant of the main group, in degrees.



L 2 Leg of individual shots f£2llingz bohind the main group
1ot excozding 1080 bohind tho beginaing of the nain
group, in dcgreos.

H = Loy of individual shots falling mero than 1089 bohind
tiic beginning of the wiin group, in doproes.

Horcury Fulain.to Coipositions

At tho tine thesoe oxperiucnts -rere bogun, the iwost
r.cent fuliinate couposition thut had bson worked on at tho
Fronkford Arsenul was known us tho 353«D nixturo, of the follow-
ing courosition.

Ez(0iC)2 80/ = 307

) Bz(102)2 200/ - 4oﬁ
Sbg33 150/200 2op
Fb(SCN)2 200/ - %
T.H.T. (/':

Meny of thu coorositions devslopgod since hevo boed wodificas -
tions of tlis mixture,cnd so 353-D will bo roforrced to froe
quently as the basic fulmindte composition. Its charactoeristics
will b. found in Ficurc 1. It mppears sowewhat sensitivo froa
tho droj=-tost curve, z2nd the nwaibcr of lugs oxhibited is tyrical.
Usu:lly, one or two hangfircs will appoar in ozch 10C rounds,
clthough this is not a rogular occurcnce. This mixturc, then,
sorved as 2 starting point for thosce doscribed below.

1. Use of Strontium Nitrate and Lead Nitrate in Placc of
Beriun Mitrate.-

It has long been o favorito diversion of jeoplu working
with pricing coliositions to uttew bt to doteriine the efficzey
of. vixturce by crleculating the amount of hee.t libecrated during
explosion. Rucont exporiments and considerations, to be pro-
sontcd later, suzoest that & pellet liverating 15 calories nay
b. su orior to ous liboriting 20 calorics, tvhs degrec of uxcule
lonco dopending upon soverzl fuctors of unsuspectud importance.
Howover, the bunofit of this later experiincse was not availablo
during the carly experiients, andéd two mixturoe wors awde in an
atteupt to improve 353-D by using nitratoes which givo up ox-
von with loss absorption of heat thian bariua nitratce In 1lib-
crating one grewm of oxysen, barium nitrato absorbs 262 cuzlorica,

tlieraby cooling the exwlosion flume by tiaat srmount, On tho other
haad, stron+iur nitr.ts will yicld the same amount of oxygen with
ths loss of 234 culoriss, and leazd nitrate will ebsorb only

140 calori¢s. Stroantiw: and lead nitrates wuwre thersfore uscd
in 38€~D and 359-D, respoctively. Tho rosulis are in fipurs 1.
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In the drop test, one ;rimer fiom cach lot wxploded
at 3", bui taes result ¢anuot be ascribed to the new ingre-
dients,eince the t o priuer lots are actually lo:s sensitive
thin 2524D at 4" and 6", and 355-D is le3s sensitive at 8" and
10". The han; fire tesis also siiow that nothin; has been gained
by using nitrates sith uore favorable therman projzrties. The
grouzs are aarrowv enough, but the tendency to hangfire nus not
Leen eliminaled. Lot 359«D ghowed no serious lu_s or haugfirss,
but the one misfirs that devclo.ed is quitc as bad as a hang=
fire. Aftor all, a misfire is sim.ly a hamgfire of infinite
durxtion,

Yormal lead nitrute would, at any rate, be undesirahle
in a _riuer becavse of itc acid reaction. It is understood,
hewaver, that one of the loading com.unies has used basic lead
nitrace with soe success in ,riming comgositious.

2. Usc of Cuirous Sulfecvanids in Flace of Lexud Sulfocyanide

In 264-D, cuprous sulfocyanids has bsen used in place

of the 1sad sulfocyanide found In the basic fulivinate mixture.

fe dro; test «ad hanglire tost (Figure 2) are very siwmilar to
o53=D, afteruerds, anothsr batch of the cop,.er uwistury was
yro.ired and loaded wet (364~¥%). The materiul was quite unstable
vien woist and roquired rapid loading to avoid its sottiing to
2 nard cakc. Anothor mixture (385-W) containing 15% cuprous
sulfocy«nide was pregared, but it docouposed too rupidly and no
sriners could bs charged with it. The formula for 364-4 is
siven in Fi.ure 2, while 385-W is in Figure 1.

3. Frotroatment of Bariwam Litrote

During tho coursc of miscsollancous oxperimcats on
nizturss of various oxidizin. agents and fuels, it became ep=-
paront that barium nitrate is cowparativoly 3luggish in yiblding
its cxygon. This has beon gencrally knowa, and, us mentioneld
before, is wsuelly accountod for by the fuct thit in tho yrocoss
or iviug uy, onz zraw of oxygen, barium nitr. to absorhs 262 cgl-
orizs of huat ener;y. Theso 262 calories arc catirely lost so
Ior as flarie tomgersturc is concernzd, und combustion is thoreby
ritzrded 1o sons extont.

in attem;t w.s, th.refore, mado to wc.ivite tho bariuu
nitrato by co.ting the crystals with a seunsitizing motoriczl.
Tho m:thod used was to dissolve thi sensitizer in ucetone, sosh
the boriun nitr.te crystzls #ith thou soluiion, wnd thun dry thern
on tho ste.m bath. A potussium perianianats solution (0.2%)
7.5 used in 371~D rnd 372-D, those mixtur-s differing in the
Jronulxtion of burium niirctce Throo other pidtures vers uade,

TR



373-D, 374-D, and 375-D, in which 1% solutions of T.il.T., P.Z.T.N.
(pentzerythrite tetrenitrets), and pieric acid wers used, re=~
spsctively. Thess fivo lots arc identical in cou osition with
tho busic fulminate mi:ture, with which they should be cougared.
The results .rv in Figures 2 and 3,

It is apparcnt 2t a glance that no imprevonont has
bson mzdo. On th: contrary, an unusucl number of squibs have
Ly oared, and the hangfires and ligs ~ro very consgicuous. 1In
the l.st throo mixtures, whore orpanic explosivos woro used s
sonsitizors, = marlied droyp in sensitivity hus taken place. This
is just tho roverse of thu offcvet these materials have on chlor-
ato mixturcvs. It should be noied, howover, thot thosc five sen-
aitizcd com ositions were locded dry, and have not been toetod
as wot mixtures, . '

4, Uss of Tutrocens in Placo of lorcury Fulminiie

Thosc who h.vo worksd -sith totracens (guanylinitros-
aminoguinyltetricone) in primers do not recommend its use s =
substituts for usrcury fulmin.te. wdNeverthsloss, ono wixture was
preyored in uhich hzlf the fuliinzte of tho busic 353«D mixture
was roplaced by totrucone. Tho sunsitivity of the coniosition
wes apparontly unimpairod, bud in the hengiire test, the shots
worg evenly distributoed around thic ontire disec, muking it iwpos-
sible to record a “group" or "zcro". TFigure 3 shows the form=
ul . of this mixturs (2354-W) und tho results obtaincd. Tetraceno
is vrogorly ussd ounly s & sousitizor, and some rosults obtained
using totracons in this copecity will appoar lutor.

5. Loxd Stypshmcto and Load Picroto lMixturcs

During rucent yuars zttontion has boen brought onco
mory to lcad sty;hmate as a primin, ingrodient. This has boon
largoly duo to tho Rathsbury zatonts (5) on totracouno mixtures
in which lsud stypimneto is uscd in lace of mercury fulminato.
Thu nermel load salt of sty:hnie acid is ussd,y and this is pre-
zaryd by grecipitating a solution of aemesium styrhnate —vith
luad nitrato. Tho nagnosiu styphnate is wado by allowing
Lzgnesium to roact with a solution of siyphnic acidy or trinie
troresorcinol. This ncthod puraits sasy coatrol of tho erystal

sizo of lcud styphnate, and is ths genirelly favored procedurc.

A smxll quantity of load styphnato vas obtained froam
tac Acmington arms Compuny for wxporimenteal priuwing coiapositions.
It was used togoituor with mercury fulminate in two wixturass,
38e~D anc 38E-W, in ordir to disgovor whothsr a largc jincrcasy
in the hoat of th. primsr flaise would improvo mattors, It
should be pointsd out that lead styphinatc, like murcury fulmine
ato, is in i1tself a high oxplosivu. Figurs 4 shows tho rosulis
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10 pierced primers.
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R 2 G L H

50 45° 17° .- 200¢

13 misfires; primers
burned but did not ignite
charge. Test discon-
tinued.

16"

Bg(ONC)p  80/-
Pb picrate 1850/~
Ma(NOz)p  150/200
‘8bg83 200/

R ) G L H

100 47° 10° 1})° - 292°¢
100 50° 8° 14° '
63°

Same composition as 376-D R Z G L H

100 4e° 22° 27 1s54¢
42° 1719
56° ' 260
97e.. 2799

S misfires.




On exauining the sensitivity curves, 353-3-D appears
to be the rost satisfactory. It is quite remarkable that
barium nitrete of 150/200 mesh and antimony sulfide of 200/-
mesh should be the best granulations to use in this tyge of
mixture. ‘/hen the granulation of either of these ingredients is
changed, the sensitivity is appreciably lovered, The least
sensitive combination is 353<5-D, where both are 200/- mesh,

Lct 353-3<D also gave the most catisfactory hangfire test,
although a slight tendency to lag still exists,

7. Yarying the Ratio Between lead Sulfocyanide and Antimeny
Sulfide

In the basic 353-D mixture, the antimony sulfide,
lead sulfocyanide, and T.H.T. are comionly regarded as fuels,
althouyh some question wizht be raised as to the exact function
6f TeNeTe It is rezsonable, however, to view these meterials
as being consumed in ths atmosphere of oxygen which the barium’
nitrate is sup.osed to provide. It is, therefore, quits prob-
able that they :/ill not be of equal value as fuels, but that
one of them vill be more effective than the others.

In order to investigate this point, & mixture was
wraared, 3783, which wus practicaully equivalent to 353=D
minus the lead sulfocyanide. A glance at Fijure 6 shows that
the sensitivity hes suffered a marked drop, and that the lLang-
fire test is still very peor.

These results inaicated that lead sulfocyanide may be
of considerable importance a. a fuel., The proportion of lead
sulfocrinide was, therefore, increased in 381-D, 38l-W, 3824,
and 382-W, The granulation of the barium nitrate and antimony
sulfide was anltered in these mixtures to conform with 353~3eD,
in view of - he findings reported above concerning the optimum
granulation for these ingredients. Obviously, the mixtures .
3CleD and 382+D must be com.ared with 353~3-D, and in order te
coniare the wet mixtures 381l«W and 382+W with 353=3<D, this
composition was loaded wet, giving 353«3-W. In figures 7 and
& will be found these six lots, three wet and threse dry, show-
igg the effect of incroasing the lead csullocyanide from 5% te
107 and 15%, the antiuiony sulfiide being decreased correspondingly.

Ig 353«3 and 381, the weti mixtures are sem~what more
sensitive than the dry wixtures, but in 362 both wet and dry
wixtures are equally sensitive. By couparing the nuwber of
squibs, lags, and hangfires from these six lots, an intorusting
point can be uzde.
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Table 1.
Mo, Squibe 4o, Fangfires and Legs
Apb(scid et Dy it R
0
0

) 6 1l 1
10 0 0 1
15 0 3 1 4

It is plainly seen from Table 1 that the functioning
of the wet mixtures is iwmproved by increasing the amount of
sulfocyanide _resent, while the dry .imtures tend to grow worse.
This is an iateresting result for which nc explanation has been
found.

Sowe doubt began to be felt at this ti.e about the
actual value of antimony sulfide in this ty;e of priuwer. So
another comzosition was load:d, both wet and dry, containing
1o w«atimon: at 2ll. The T.J.T. was also owitted, since pre=
vious ex;eriments iiad shown it to tend to dosensitize this
ty;e of priamin: composition. The fulminate was maintained at
307, and an aprroximate oxygen balance was held between the
barium nitrate and lead sulfocyanide. The mixtures are 396«D
cnd 39%-, .

The results in Figure 8 ghow a striking difference
betwesn the et and dry mixtures, The hangfire test on 396=D
was discontinued after 75 rounds, since no gepo or group could
be recorded. One la; at 28° wus recorded for 396=W. The low=
er sensitivity of 396~#7 at 10" and 15" may be discounted, for an
excessive awount of pum had been used in wixing, and the ;ellets
were unusually hard.

Tho recsults from this series of primin; wixtures seem=
ed to indicate that fulminave compositions of high sulfocyanide
coutent could be easily sensitized marely by wet mixing., It
was, therefore, decided to try some cowmpositions containing
less uercury fulminate. Ilixture 38S was prepared with 20%
fuluinate, the ratio between barium nitrate end lead sulfocyanide
belng adjusted for oxy:.en bulance. This composition, whon
loaded wet and dry, showed in even moro narked dogres tho .enw
sitiging effvct of wst mixing. Mgure 9 shows the results for
380-W and 369«D. o la:;s or hangfires were obtained with 389-W.
It should be noted, however, t..at one squib was produced in the
dro, test at 8%, indicating that the lower limit for mercury
fultinate content had ;robably been reached.

, In order to obtain a series of priming compositiome
sl.oming fully the effect of varying the quantity of mercury ful-

o 11l o
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winate present, two more wixtures were prepared, 4Cl-J, with
15% fuluinate, and 402-d, with 25% fulminate. These were

not louded dry, since the cifference between dry and wet load=-
ing for this type of couposition had been well demonstrated,
and it was known that dry loading would only result in squibs
and hangfires. It a_iears imumediately from Figure S that 150
mercury fulminate is entirely too low, and that 20% is, as
su-uised, the lower limit for this ingredient. 0a the other
hend, the 25% fulminate mixture (402-¥) funciioned beiter then
either the 207 (38S-W) or the 30% (396~W) mixture (Figures 8 and
9). The _roup and the zerc of the 25{. mixture are so.ewhat
silaller then the group and sero of the 20% and 307 wixtures.
Furthermore, 402=V shows no squibs and no lz_,s or hangfires.
Svidently, this tvye of three-comgonent mixture functions best
with 207 - 25% wercury fulminate. Its functioning at this
point is cowsurable witih that of the standard F.d. 70.

8. Zirconium Mixtures

During recent monthis the use of wetallic zirconium
in yriaming coipositions hus Leen .iven serious cousideration.
Tlids metal is mow available in a finely powdered form in tone
ne e lots, wnd &t lesst one loading cowpany hus maie extonsive
ex, erimente with it. A4ccordingly, the investigution of this
meteriel us a priadn. ingredisnt wes begun at Frankford
Arsenal, and the resulis on sixteen comzositions are given
below.

Previous ex;orinests have shown that the 353-3-W
coiurzosition is uro.r.ssiwely iwmproved by the substitution of
ilead suliocyanide for antimony sulfide. The sawe procedurs -as
2., 1ied in testing zirconmiun, the first mixture prepared was
squivilent to 353-3~W with half the antimony sulfide replaced
by zircouium. This wixture is knowm as 391=-J, and ihe resultis
-~re ziven in Fi_ure 6 in com;ariso with 353-3«W. A -marked rise
ia the sensitivity curve can be seen as well as a decrease in the
nuaber of logs and hengfires.

A series of mixtures -vis next grepared in which the
zirconium 1as progressively increased, and the antimony sulfide
sirtirely eliminated. The .ercury fulminate was maintuined ..t
2C;., 2nd tie bariuw nitrate and leud sulfoeyanide were adjusted
to give an oxygen balance with the zircondum.. Coiusplete details
0. the vesules will e fouad in Figures 2, 10, and 11, but T.ble
2 will be found more coavenient for cox_.aring the resulis of
the hun.,fire tests.




.

Seme composition as.
$89-D R n ¢
. 100. 48°* 10% -
| 100 47 11° X
T . . 1‘
B AN / :
. B o
[ Hglomc)p =0/- No hengfire test.” 1
. Ba(Nog), 200/- ‘ .
03), .
/- B
' L
\ L]
8 :
.t m.’.g
L
. Belonc), e0/- R Zz ¢
‘ Ba(NOs), 200/~ 78 43° 10°
. DalNOsle : 75 48° 7e
Pu(SCN)p 200/- e~




.. Seme

cosposition as

100 45 15° -
100 45° 10°

75 45° 4°

R 2z 6. L H-
75 42 8* - -
75 42° 6%
N
Rz 6 L &
"5 4ze 100 - -




xe(owc)ﬁ 20/~ 20 %

Ba( °3)' 200/ a4
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Lzr | 2ivla Cdg

‘6 leaky primers.

_
£s
‘o .
-
]

75 450 6% . & e
43 45°  B5° . - )

He(Onc), £O/-
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Ba{NOy)p 200/~
2r 200/+ .
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Table 3,
Hg(onc)g 80/= 3 20%

Z2r. Pv(8CN)3 Rd3,
lot Nes Fired ' Zerd Group Jags ﬂﬂnziazss
) 32.5 389-% 100 45" 10° none  none
100 470 11 » n
5 29,1 393-W 100 45° 150 " "
100 ©  48° 10° " "
10 24.6 403« 175 420 g° " "
75 42° g° " "
15 20.0 4044 75 a2 100 0w "
75 45° 4% ¢ "
20 15.5 394-7 100 42° 6 n "
100 42° 60w "
25 11.0 306=-4 75 45° 60 " "
43 . 45° 5 "
30 8.5 3¢5-W 100 42° 8° u "
100 40°  10° " "
37.2 0.0 407-W 75 450 go m "
49 450 &0 " "

The functioning of these inixtures is similar to the funciioning

of 369-W, thz b.sic com osition for this series (see Figure 9).

A noticeable narrowin, of the srou. occurs as tlie zirconium reach-
es 10f, bLut at 307 and 37. Z. somewhat broader grou.s can be
observed. However, this effect is not conclusive, and too
‘much im_ortance should no: bYe attached to it. The sensitivity
shovs a general tendency to deciecse us the Birconium content
increaces, although this i.ay be due to the extreme fineneces of
the zirconium powder. It is interssting to note in Figure 10
that An attem,t 10 load the 5% zirconium mixture dry (393-D)
a8 quite unsuccessful. The sensitizing eoffect of wet loading
is very a_parent in thics ty,e of uixture. .

The 10 and 20% szirconium mixtures were used in anotier

s.ries of tests {0 deteruine whether the amount of nercury
fulminate usad could be chanyed with adv;ntage. The reaults
obtained by varying the fulminate from 157 to 25{ on the 10%
«nd 20% girconiun mixtures are given in Figures 10, 11, 12, and
13. The resulis of the hanzfire tests are tcbulated in Table 3,
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Rz ¢ L By o
75 42° 15° 90' 2eor

75 48° 14¢ . 300" .
75 48° 11° 16°

Hglonc), 60/
| ”“Ba(noa)z 200/~
Pb(scﬂ)z '300/-'"

N 75 49° 13°
‘ ' \ 1 misfire; primer ..
©  burned but did not g !
. = . nite charge. RO
A o P il 2 R ) i T R 1 leaky primer. L
*& . . o 4" ”n”* . 16", 12 plgrood primerl. . .
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zr ' 200/~ 20
, 5 1leaky primers. b
) - T
412-¥ .
HF(O}:C )2 FO/- . 25 70 25 . L L RS LENS o W . e R Z G L H
Ba(X0z), 200/ 4.5 : A 1 75 40* 13* 19° 355°
. : 25 42° 13° g3
Pb(sCN), 200/~ 13.5 75 48° 10°
" T 757 48° 10°
Zr 200/- 20
’ 8 leaky prtiﬁe'i'l.
: 13 pierced primera,
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rz(orc),
s lot No. Ads. Fired Zero Group lags Hangfires
15 409-W . 75 470  6° none  none
\ 48 417° 70 " "
20 403-v 75 42° 8@ " "
75 420 g° " "
25 310-W 75 459 g° " "
. 49 45° 9o " "
Zirconium = 20%
15 4114 75 429 159  ggo 280°
75 420 140 300 3000
75 430 11° 16°
75 460 139
20 34~y 100 42° 6% none nona
100 420 60 " "
25 412-i 75 40° 139 19°
75 420 13°
75 460 100 23° 3350
75 46° 100

Apparently the 10 zirconium mixture is unaffucted by ralatively
wWide cicmgzes in the Sfulminate countent. On the olher hand, lags
and hangfires aru very congpicuous when the fuluinate is increa-
s9d or decreised in the 30 zirconiwia wixiure. The indications
ere that in this ty, 6 of co..;osition the best perforiance core
responds to & ceriuin critical "concentration® of fulminute, and
wixs functioning is seriously impeired by iucressing or dscreasin,”
this concentration. ‘

The offect of chan ing the granulation of 1he barium
nitrute in zirconivm mixtures w.s investiyated for 403=~7 eund
3C4=J. Lots 419~y und 420-/ wore proparcd identical in coimjos-
ition with 403-W, uxcopt that 150/200 and 100/150 barium nitrate
we.8 used, rosyectively. The rssults in Pigure 14 show that
barium nitr.te coarser thun 200/= camiot be uscd in 403-d.
Siuilarly, a uixture kiuown as 421-¥ was .reparod identical with
3C 4=y, oxcept that 150/200 barivm nitraio wus usad. again, tie
results in Figure 15 show that very fine barium nitrate is

vl =
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necessary for this type of composition,

It is interesting to note that the sensitivity ourves
for these three mixtures show them to be somewhat more sensitive
than their ;arent mixtures at 6" and 8"; but at 10" two of the
mixtures (420-% and 421-W) are less sensitive than the parent °
mixtures, As a matter of fact, all three mixtures were less
sensitive than their parent mixtures under full machine gun
action, for in the hangfire test four misfires were recorded for
419-7 and 420-W and five misfires for 421-W.

The tendency toward leaky primers is characteristie
of ziroonium mixtures containing more than 10% of this metal.
This is a serious defect which would have to be eliminated
before this type of mixture could be considered for service
ammunition.

9. Varying the Granulation of the Mercury Fulminate

It hes been known for some time that coarse mercury
fulminate is more sensitive to impact than fine fulminate (6).
This, of courss, applies only to the pure materizl. To determine
whethsr the same rule applies to mercury fulminate priming mixe
tures, it wus decided to load 353=3 both wet and dry with 150/~
fulminate instead of the 80/- material. The resulting two
mixtures are known as 353-6-D and 353-6~W, and the data obtained
with them are given in Figure 16 in comparison with 353-3-D and
353=3-W.

N

: The sensitivity of the wet mixture of 150/« mush ful-

minate shows a slight increase at 4%, although this is not noec=-
essarily siznificant. The squibs obtained with the dry 80/~
mesh mercury fulminate mixture show up again in the dry 150/-
mesh fuluwinate mixture. Furtiiermore, the sensitivity of the
dry mixture of lSO/L mesh fulminate has dropped to a very marked
dogree at 6™ and 8". The hangfire tests show that both 150/~
mesh mixtures are distinctly inferior to their parent mixtures.

The next experiments aulong this line were made on 40l1-W,
369-\1, and 402-W vhich represent, in the order given, a mercury
fulminate content of 15%, 20%, and 25%, 80/~ matorial being used
on all throe. Six now compositions were prepared by using 80/150
and 150/« fulminate in each of these three mixtures in place of
tho 80/- material. The relation between thcse six lots and the
three parent mixturss from whick they derived is shown in Tablo
4.
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Table 4.
@ranulation of Fuluinate

Fulminate (%) 80/ 80/150 150/-

15 401«7  413-d  414-7
20 389-7 415~0 416-4
25 402« 417-W 418-7F

Tho results given in Figures 17, 18, and 19 show
clearly that the sensitivitv of the 15% and 20% fuluinaite cou =
positions is very much lower vhen either fine or coarse fulminate
is used exclusively. In the droy test, 413«W and 414~ .roduced
more squibs than fired ;rimers. Lots 415-% and 416-% were also
very poor in the dro; test when coujared with 38¢-/, The general
perforuance laproves, however, os the mercury fulrinate is
increassd, cnd in 417-.7 and 418«~7 the dro; test was considered
good enough to warrant a hangfire test. But even 417-{ and 418«
showed a sowewnat lover sensitivity than 402~4, frowm which they
ware derived.

The hangfire results on 417-4 and 418-# are unfavor=-
able, whereas the jarent mixt.re, 402-4, functioned satisfactorily.

It will be noted that the progortions of barium nitrate
and lead sulfocyanide used in 413-J, 4l4-#, 415«W, and 416-7
are not gquite the sume .s in 40l1-W and 389-J, with which they
have been coupared. This is due to an error in wei hing, but
it is not cénsidered se:ious enough to invalidate the coaparison
or the conclusions to be drawn from the results.

Fotassiuw Chloratoe Comzositions

l. Pretrcatwent of Fotassiuw Chlorate
Exporinents on the iretrectwent or activation of

bariun nitrate in fulioinate conjositions have already been de-
esoribed. The same kind of ex eri ent was acde on the F.A. 70
cou;ogition, in whicia the _otussiumi chlorate was washed with
0.2, Kﬂn04 in acetone and then dried on the water buth. This
nixture is knom as 370-7, the results of which appear in Figure
20 in coryarison -7ith F.d. 70, :

Tke gensitivity of 370e aj;:.ears to have dro,ed
sli;htly at 10", Otuerwise, very little effrct can be noted.
The sowevhat smeller prou; and lowver zero of 370=-d «re not
iecisive, since the _rou, for F.i. 70 nay vary frou 4° to 7°
aud¢ the zero from 44° to 47°.

Unless otiierwise iniicated, the graaulation of in~

-l -
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grédionts in chlorate coupositions is the same as roquirod by
specifications for the F.A.70 couosition, listed on Page 31.

2. Tetracene :ixtures

Tetracene was used us a sensitizer in two chlorate
wixtures, with and without T.N.T. The results are given in
Figure 20 under 356~'7 and 357-W,

hs shown by 357=, tetracene cannot be used as a
subsiitute for T.N.T. in chlorate mixtures. The sensitivity
curve shows a markod dro. at 10", #hile the hafxfire test is
wneffecteds #For 356-W, where both T.N.T. and tetracene were
used, there is no noticeable change in either dro; test or
hangfire test.

, Two additional mixtures were prepared coataining 10%
and 1% tetracene, but it <wus found impossible to rub thew into
the charging plates projerly. Toetracene is an extrewsly fine,
bulky wvaterial, and the mixtures formsd a mush when moistened
with gum solution. ZExperiments with tetracene in the F.A. T0
uixture have been ibandonad.

3. Verying tiae Granulation of the Fotassiuw Chlorate and
Antiiony Sulfide

Specifications for the F.A.T0 priuning composition
require that the s ieve fractions for each ingredient shiall bs us
follows:

Potassium Chlor:te.

Throuzh 80 mesh sieveo,= At least 991
" 150 " " A Approxiuately 50%
" 200 " " o. ilot nore than 20%

Antiony Sulfides

Through 100 i.esh, on 150 i:esh,= 33.3;.
" 150 " " 200 " - 3343
" 200 " ecececcccca-a- 33.3%

2£ad Sulfogyanide.

Tarou h 150 mesh sieve,= 100;.
" 200 " " - at least 55%

Trinitrotoluol (T.N,T)s
Through 100 wmesh sieve,=- 100%
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secorcirn.; to thess requirements, some variation is
allowed ir the sieve fractions 150/200 and 200/- for the petassium
ohlorate. To deteruine the effect such a variation might have
on the functioninz of the :rimer, nine mixtures were prepared.
The granulation of both potessiuia chler:ite and antimony sulfide
were varied through three sieve fractions. 100/150, 150/200,
aud 200/e, all nine of the :ossible combin.tions being used.
The zranulation of the lead sulfocyanide and T.H.T. was constcnt
anc. tie com:osition of the wixture was equivalent to the F..L.70.
Turning to Fizures 21, 22, and 23, Lots 379-7 to 379-9~-W, it will
be sesn thuv it is difficult to draw anr .cviiuitr conclusions

+ from either tie dro,~test or the hangfire test. The slizht

difierences shown by tlhis nine wixtures are no greater than the
varictions encountered in daily roduction where the grciulations
are con aratively coust.unt. In the dro, list, all nine mixtures
fiied at 10" and failed at 4". In the han_fire tests, the groups
vuriad from 40 to 6® and the zeros from 426 to 48°,

This is a remarkable result in visw of the ide range
in t e zranvlations. However, iu tie light of some later
erperiuwents, the oxplanation is quite simple. These experiuents
to be descrived later, indic.te that igmition din
the F.ie 70 cou.osi.ion be;ins betweon the potussiwi chlorate
and lead sulfocyanide. The flams frow: these two ingredionts
syraaas ra:idl; throu,h the pellet, and it iz only in the
leter siuzss of couustion that ths antiuony sulride becories
involved. <Thus the :ranulation of the untimony sulfide can
hardly influence the functioning of the primer to any graat
extent, rithin a reasonable range of granulation. The ,otassium

- cinlorate, on the other hand, dissolves in the guwa solution, and

when the mixzture is {inclly dried, the chlorute crystallizes out
in the form of excesdingly rine crysi.ls. Ths rusult of this

is tihat ecach ::article of material in the jellet is cncusz24 in a
filu of dry pum coctaiaing fine crysials of chloirate. It is lain
thon, that the granulation of the chlor:ts in contact with the
le. ! sulfocyanide is fairly constent, no watter how the granul-
ation is chosen bwefore wixin:. Ti.arefore, in all of the nine
mixtur:s _re:ared, the granulations of the two wuterials wiich
lar_zly govern sensitivity und speed of coibustion were not

varied at 211. The coast.ac, of itihe results cenfirns this view.

Some intsresiing rceulils vere obtainsd by varying
the iranuvl..ions of ths Lotussiwu chlorats and antiiway sulfide
in dr; mixturss of the Fea. 70, It is  lain that the results
civen in Fizure 23, Lots 360~D, 3£0-2-D, and 380-3=d, show,
tine offects of dry locding rather thun the effects of changes in
granulition. Lla.s und hangfires are much in evidence and the

szrouns nave broadeined considerably. The ballistic excelleice of
the Feae 70 is evicently dependent ujzon wet loading.
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4. Tae Relative Iuvortance of antiuony Sulfide and Lead
Sulfocyanide in the F,A. 70 liixture

The interesting results obtained by eliminating an-
tinony sulfide from mercury fulminate comgositions led to soue
similar experiments with the F.A. 70 coiposition. Mixtures
397-W and 397-8-W contain only potassium chlorate, lead sulfoc=
yanido, and T.NJ/Is» The chlorate in 397+«7 is finer than in
397-2-%, and contrary to the results obteined with the 397
series &f mixtures, a definite drop in sensitivity at 10™ and 8"
occurs in the wixture containiug the coarser chlorate. The
results are given in Figure 24.

Two additionul uixtures were prepared without T.E.T.,
containing only potussium chlorzte and lead sulfocyanide. Fine
chlorat: was uscd in 398-W, and soiiethat coarser chlorate in
396=2=. Again, ¢ drop in sensitivity at 10" and 8" occurse in
the wixture containing the coarser chlorate (Figure 24). The
sensitizing effect of TJM.,T. on yotassium cllorate is at oxnce
azpersnt on couparing 398-7 with 397«W and 396~2-J with 397=2~¥.

The groups froiz vhe hingfirc test on 398-4W are sous-
wh.t broad, but otherwise the functioning is good on all four
of these uixtures frow vaich the antimony sulliue hus been
eliminated. The han.fire tosts on 397-4, 397=2«, and 398-2-7
arg quite us good as the hangfirs tests on F.A. T0 from daily
procduction.

So far, sxperinonts with both chlorate priuers and
fuluinete jriwmers indicate that lead sulfocyanicde is of groater
vulus as a fuel than antimony sulfide. In order to tost this
ideu further, tvo cdditional wixtures were proparod, 4057 con-
taining potassiu: chlorats, antitiony sulfide, and T.)N.T., and
406-W containing only ;.otassium chlorate and antinony sulfide.
It can be judged from Figurc 2% how vory insensitive thcs:
coi. . 0sitions wre. But oven in thess rixturis, tihe rnarked
sonsitizing effact of T.N.T. oa potassium chlorate is apparent.
It should bo noted that 406~7 is very nearly ths same as the
;ricitive nixture ussd by Droyso a hundred yecrs ago.

The unim.ortance of cntimony suliicc as a fuol was
indicuted scveral years wgo by the experironts of A. Se Cushman
(8) in vhich it was found tihu*t leud and iron sulfides could
be succsssfully suastitutcd for stibnite. However, the full
neaning of this hishly; su_gostive result ssca_od notice, :nd
litile offort has boen .ade ic use a definite chowdicil cou=
sound in  luce of .hs .dncvral of uncertuin ro.erties.
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Moncorrosive Non=fulminate Compositiond

-

1. Rathsburg Com:osition

The Rathsburg patents mentioned ;reviously (3) have
racently revived intersst ii moncorrosive com;osiiions containing
ne mpercury fulicinate. These coujositions deyend principally
«n the normal lead salt of trinitroresorcinal, or stvihnic acid
for their effectivensss, and it is specified that tatr.cene
(guwnylnitrosaminoguanyl tetr.cene) be used in small quantities
tc sensitize the aixtures ,rogerly. Lead styplinate is rel-
atively inseasitive when used in ordinary iro,ortioas (30% to
40%) in barium nitrate mixtures.

It hae been shown that tetracene is not an initiator
in ;riuving coiizositions in thie sense that mercury fuluinate
is an initiator. It has also been shown that teiracene will
aot seusiiize ;otassium chlorale cou,.ositions in the vay T..".T.
sensitizas then, It was, therefore, co.sidered desirable to
exaiiine the -ro: erties of tetracene in lead sty nnate wmixtures.
The lezd sty;immate used in tiie experiments was furnished by tae
Reuzington Arus Go. Apparently, it hsd been jrepared from magnesium
sty hnatz and lead nitrate, as it haud the charccteristic brown,
sandy a -earance -viicin thie methoed of graparation gives it.
To rixtures were .repared after tie formula given in the Raths-
burgz vatent, in one of whicia the tetricene had been omitted.
Bach of these was loaded both et and dry, sc ihat a total
of four cor_ositions ‘vere siudied. Figure 26 shows the results
froi 386-W and 386-D (-ith tetracene) and 387-W and 387-D
(vithout tetracene.).

The remarkable effect of ouly 3% tetracene is at once
evident. The mixtures vithout tetracene were so insevsitive,
tLs hangfire test was ouitted. The deletericus effect of et
loadin: on lead sty hnats rixttures is azain apju«rent in bota
365 and 387. This effsct had veen observed previously in
fulininate wixtures containing lead sty:hnzte (see 3£6-D and
36&=d, Fic. 4).

The si.ilarity between lead sty hnate and lead ric=
rute suggested that the latter cowpound might serve in tiis ty.e
of coiposition. aecordingly, lots 3&8¢ aud 387 were duplicated
vain, hasic lead jicrate in _lace of lead stygnnate. These
wixtures -cere alsc loaded -et and dry. As shown in Figure 27,
360-¥ and 360~D ‘iere ,repured with 3% tetracene, and 363-7 and
363=D contained no tatracene.

The sensitizing action of tetracene is again very
ronounced. Furthermore, the desensitising effect of woet loading
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It is not known whethor the flume flashing ocut in all diroctions
frou under the anvil point is comuunicated to the rerainder of
thc zellet or not. It is quite srobable thet the mechanicel
force of ths flemo from under tho anvil soint rmorely shatters
the rest of th¢ pellst and blows the ingrodients out through the
flash hole into the cartridge. In this case the individual.
particlos would undoubtodly derive considerable hoeat from the
flame, end night :lay an iz ortant ,art in igniting the jovder
char;es At any ratey it is certain that particles of solid or
Lolton matorial are alwuys ejocted by priimers, for they can be
c.uznt u.on ricroscope slides and examinsed. Tho numbsr of
sarticles or droplets und their degroe of subdivision vary with
difforeat primors, x«nd sowetiios in the sale primer. These .
particles may or may not, according to their size, rcach the
toui erature of thu hot gusSes cou, rising the flame.

Tho ballistic preopsrtios of = given priuwor will
doy:end ultimatoly on tho nunber of owdor grains ignitcd by the
sriger., axerimonts with dumny powder shov cloarly that, in
mest casusy about onu third of all the poudoer gruins in .30
caliber armunition arc iguited dirscily by the primer. The re=-
wwining two thirds of the grains are ignitod by the flamo from
thosess It is clear, then, that if a given primer ignites only
onc sixth of the charge, thoury will Le & yrsator delay in tho
co.bustion of the cuurygs than if ono third had boon ignitod.
This is, ;crhaps, the most plausiblo coxilanation of hangfires.

Granulation

Iy is vory n.ccssury to str..s tho idua thut primer
flamos arc th. result ol rupid burning rutcher than detonation.
" Prinors that dutouate ars unssrviceublo in that the cup is
usually blowm back agzainet the hoad cf tho bolt, and lcaks dove
olop around ithu .rimcr npocket, Hordly any "scteback" can be
obsurved with »riuers that function progerly, and sv it is
assumsd that combustion in this caso is considerably slover,
approaching tho ®rogressive burning® of asnmokcloss pouders.
Furtngraoroa'che duration of primer comhustion is of the ordor of
103 to0 10° seconds, xnd this cortainly rulus out detonution
Lonoilens .

Siall wrms priuing cowositions ur: vssontially in-
flanable mizturus sonsitive te dipuets Tho chicf reaction that
occurs in .1l ordin.ry priazcrs secis to be oxidution of ihe
"fucls®™ by tho oxilizing salt. Tho comuon fuols «ry auntiiieny
sulfic. :nd tic sulfocyanidos of heavy woctuls, oxidizin, silts
include, chicflyy ,otxssiuu calorats, bariws nitreto, and sowce—
tices poroxidss of warious motals. From ihe chouaical natursc of
tic oxi’izers und fuelis, it ie ap,arent, thon, tiat they .ro in
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thcisclves none¢xplosive undor ioc®. It is, thorufore, recs=-
on..L1ly to sssume that the sensitivity of a iriring couposition
resices in the interface between the particles of fuel and
oxidizer. Combustion of tihe srimer pellet wust originate soue=
vhere in the surface eeparating the fuel ard oxidizer. Granting
this, it is obvious that the flame must be propagatsd ulong this
in.erface as tiie [e6llet is consumed, and that the speed of
colbustion of the pellet may ;o0ssibly be controlled by regulating
.the area of contact between fuel and oxidizer.

Te clarify this idea still further, it is ipteresting
to consider a nixture of one gram molecule -of lead nitrate
(oxidizer) and one grain wmolecule of resorcinol (fusl). The ex-
trewe lilit of coarseness for a mixture of these materials is
re;resented in Figure 28a by a single crystal of lead nitrate jl-
acsd arainst a single crystal of resorcinol. Considering the
ragsses rerrasented in the illustrutions, which ive been drawn to
scale, the area in contact is swall. But by cuttin_ each crystul
in two, end re.rranging as in Fizure 28b, the contact area has
been trebled. The srocess of subdivision as shown in Fijures 2Ec
and d naturqally results in a rapid increase in contact area auud
a corresponding increase in the rate of reaction between the
two substances. Theoretically, the degree of subdivision might
extend all the way through the rsgion of colloids into molecular
dimensions, vhere the ultiuwatse of finenecss would be reachied. 48
a matter of f .ct, these regions of {ine dispersion are quite
attainable, and some very interesting work might be done invest-
igeting the sroverties of priming coupositions coujzosed of inorg-
anic colloids., In the casc of lead nitrate and resorcinol, the
vltincte degree of intiuate wmixing could be reacned, of courss,
b, actually allowing the two to cowbine under suitable conditions,
forming one molecule of lead dinitroresorcinol und elilinuting two
woleculas of water. In this substance, shownm structurally in
Fiyure 26e, the oxidizing part of the lead nitriate .iolecule nas
wciually been uttached to the resorcinel ring, und the result is,
of coirse, . highly exjlosive cowpound. In doianyg this, though,
the icentity of the arigal ingredients has been lost, and it
would be ruite incerrect to siy that leed dinitroresorcinol is
an intiucte nixture of lead nitrate and resorcinel. It is iae
structive, however, to follow the  ranulation from extreme
coarseneses to extreise finensss, and to sge how the «rea in con-
t.ct ang the ro.ctivity increcese sith the de_ree of subaivision. ’

It is believed that this accounis in lar_ e wseasurs.for
tls muny leaky priers caused by certain zirconiwn mixtures, The
girconii. used in thause mixiures came in the form of an extraor-
diuarily fine powder, and its s;eed of cou.bustion when iixed wti
boriv.y nitrats wus very hi:h. Howevsr, the fact should not bve
overlooled that zirconiwi has & very high heat ol cowbustion,
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and this factor probably contributed appreciably to the violence
of the zirconium primers.

Pron the foregoing it is evident that thse interfacial
area between tiie two ingredients of a binary mixture will be det-
erizined by the surface arsa of tihe coarser ingredient, i.e., the
iangredient of smaller surface arwa. If, then, the granulation of

e oxidizer is given, there is no need to grind the fuel finer
than that grenulation giving the saiie surface area as the oxtid-
izer. The rate of ecombustion will increase up to the uoint whers
the fuel rreseuts ths sanze surface area as the oxidizer, beyond
that point continued grinding of the fuel should not afrfect the
rate of coubustion. On the othar hand, if the fuel is ground
very mucha finsr then is necessary for a given fineness of
oxidizer, a loss of sensitivity to iwpact may emsily result.

By srinling the fuel too fine, some of the fuel crystuls will be
in contact with each other, the excess surface area of the fuel
will be in contact with itself, so to s;eak. Sonie of the energy
of im_act ill then ve absorbed »y the sliding of fuel crystals
over ezclhi other, .nd there will be less energy availeble for

the sliding of fuel crystals over oxidizer crystals. 3ince ignite-
ion occurs only in the latter circumstance, it is plain that a
loss of sensitivity should result -vhen one of the ingroedients ip
ground toe finc. For a given uixturs of fuel and oxidizer, then,
there is a ceptacin optinwua ratio which ths particle size of ons
should bsar to the ;article size of the other. %his ratio can
be calculcted from the total volumes of tias ingrsdients by let-
ting

<3
"

o = total volume of oxidizer,
V? w total volume of fuel,
. \ L
de ® mezn diameter of oxidizer crystils,
dp = mean diameter of fuel crystals.
If a1l the oxidizer cryst.ls are of the same size and sharve, tien,

the volume of ezch oxidizer crystal = Kodoa, and the &arza of
seacli oxidizer crystzl ® Kodod, both X, «nd ko desending
on tize shape of thu particle. Thorefore, the tot.1 surfuce
area of the oxidizer -viil be
' . 2 koV
SO _f—agrkodo .._o—o——

Ked, Fodo

In tiae so.e 7.y, the zre. of the fusl will be
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koY,
Kpdg

Sf =

Both Kf and k, depend on the sha e of the rarticies of fuel,
and are not necessarily the sume as K, and k.

when the surface areas of oxidizer and fuel ars the

8ame,
K ?
oVo MVt
Kodo Kedg

and the ratio of the particle diameters will be

d, _ KeRgVp

Z o amemmmees (1),

de Kok Vs

.

Bxam-le.

Consider a mixtures of 52 gms. potassium chlorate and
48 gus. antimony sulfide. If the particles of both ingredients
have the saume shape, the counstants Kes Koy kpy and k, cancel,
and the particle sizes will be in the same ratio as tlie volumes
of the ingredients. Since the density of potassium chlorate is
2.32 an” density of antimony sulfide is 4.65, it follows that

dO
— = (52) (4.05) = 2.17
de 2.32)( 48)

In wost cases, the particles of priming ingredients
do not have the saze sha;e, and the coefficients of Equation 1
do net cancel., It should be noted also that Iquation 1 suys
nothing about the absolute fineness of mixtures; it iwoerely gives
thie ratio between particle sizes corresponding to waximum
sensitivity to iiyact, whatever tle granulation may be. Theo=-
retically,the absolute fineness should affect only the speed of
coisbustion, «3 shown greviously.

3ome interssiing ,ro, arties can be deduced from a
binury mixture in which the yarticle size ratio does not satisfy
Zguation.l. I such & nixture, cue of the in,recients lizs been
ground too fine, and its sufzce is yriatsr tihan the surfuce of
tiue otler ingredient. Using the same symbols as before, the
totul surface of the mixturs will be

L= 3, & 5

-85 -



Now, if 3,> 8y, the amount of fuel surfuics in contact with
oxidizer Surface will be equal to ilie oxidizer surface. There-
fore, the total extent of contact between fuel and oxidizer will
be equal to 25 . The difference

or Sg = 3,

re:resent: tho excess surfach of the fucl not in contact with the
oxidizer, The {ruction of the total surfuce of the wixture exist-
ing as contuct surface between fuel and oxidizer can be exyrsssed

Fs 250, __ when 8555, wew====-e(2)
So ¢+ 8¢

or Fs 25f when S, 8,  =====-=-=(3)
3, #rSf

Returnin: to the .wiiture in vhich the fuel was ground
too fine, it is seen that Lquation 2 applies, since Sp»Sy. If
now, & coarser sranulation of fuel be substituted, 3 will dacroase
and F.will increase until, when ©op & 8o, F ® 1, and oplbinuu
ratio will have been rcached. If still coarser fuel is now
introduced, equation 3 a;; lies, since S;yg8_ . The same order of
crfoets might liave been obtained ned = finer granulation of ox-
idizer been introduced.

Figure 2¢ shows _rarhicu«lly the way in which the
varticle size ratio .ffects the extent ol contact betwesn fuel
and oxidizer. Values of F ex_.ressed in por cent ore used as
erdinates, and the ratios of do/df have bcen used us absiscaus.
The optimuwi value of do/df for each wixture a;petrs ag a maxim.m
in F ot which F ® 100% as required by &quation 1. Ths curve to
the leit of cich waximum ro_resunts Equation 2; to thas right,
aqu-tion 3.

In most :riwming cow_ositions an apnroximate "oxygen
balanco" is meintained betwecn fuels and oxidizers, so that u
roxisuws of hoot sy be obtzilned from the limited volume of tho
vrlier Lellet., It becoines iatsresting, then, to discovar aow
the o ti.w. vilue of do/df varics witihh difforent pcirs of oxic-
izers and fudls tceken in stoichiometric wroportions. Table S
shows colenlatad values of articls size ratio when tie fuel aud
xiiizer surfocos in coutiet are 100 of tha toi:l surfecs.

- 26 -




o . 7 2z 3 4 5 e 7 4 O

SURFACE IN .CONTACT vs. PaRTICLE SiZE RATIO
K . PaA | _




w’g‘?i
Jom

‘ Table 5,
Optimum Particle S8ize Ratios d / d,

k103 Ba(il3)2 Sr(Cl03)2 Pb(li03)2 PbO, Balr0,

3 2.17 1.98 1.75 1.80 3,14 4.63
Pb?SCN)z 1.87 1.71 " 1.51 1.55 2,71  4.00
Cu3CN 2,06 1.89 1.66 1.7 2.9 4.4l
Znd 2.22 2.03 1.78 1.84 3.21  4.74 .
8 2,23 2.08 1.83 1.38 3.29  4.85
ar 2.48 2.26 2.00 2.05 3.59 5.29

The optimum particle size ratios in Tuble 5 represent
thirty-six binary nixtures of oxidizers and fuels, taken in
stoichiom.tric gro.ortions. It will be noted that tho values in
cll cases aro greater than oney which wmeens that the oxidizer i
nust be courser than tho fuel for waximum scnsitivity. MNoreovor,
the rotios for the comuonly used ingredionts lie botween 1.5 and
2.5, < fairly narrow range. In the caso of bulky oxidizers
(Pb02 =nd BaCr04) and dense fuels (2r), tho ratios may incrouse
to0 4 or 5,

It is belicved that wmuch iuportant work might he dono
vorifying the theory of granulction oxjcrimentally. The sovorzl
nixturcs described under Expcrimental Com,.ositiong which wero \
intonded to show thie offcocts of changes in granulution wire
inconclusive, sincu many disturbing factors worc presont. iWhat
is nouded is a detorminztion of spcod of combustion znd sensii-
ivity to impact of simplo binary mixturus. In this comnnection
it is bolievid that the most fertile ficld of cxporimentation would
L3 the rogion of microscopic powdurs, l.e., powdors finor than
200 wesh. Foudors in this rogion can bu accurately sopuratod and
graded vithin quite narrow limits of granuletion, using an air
separstor sinilir to tho ono dosignod by Reoller (1). The fiold of
colloid.:l dimcnsions clso nrowises to be of intercst in | riuoer
dovelogment. Thou uss of 1norganlc colloids in priming COMBOSitlonu
would tr .naform iznition sy rstoms in u vory literal scnesc from
tiic "black jovder “cless" into the "smokeless powder class" of
oxploszives. Thero is no intention hore of barrdng organic
cou; ounds from tho scenc; thoir valuc as sutstitutos for inorguanic
8:1ts simply has not matericlized.

Tho . um solutior uswd in wet loading ,robably plays
in iwportant part in altoring the granulction of the soluble
constitucnta. Tihs s.lts dissolved by ths gum cro dopositcd as ox=-
ccodingly fino crystils whon the yellet is dricd, ind theso, boing
in inti.. .ty cont.ct with tho fuels, must cffect tho coubustion
of 1i¢ pcllet to sows extont. Strangsly onouzh, the dricd gunm
cont.ining potussiuw chlorate crystils is very diffdeudt to izaite
avon with o Buusen flawo. So that tho jum itsolf is of littlu
valus zs a fucl in starting ignition.
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The method used for doteruining the aurface arez of
powders /ill be described briefly. It is usswuzed in all ocuses
that the generul sh:zpe of the jarticle is wn ellipsoid of thres
uneoual uxece, @>t>c. When the witericl is . sprinkled on a micro-
sco_.o slide, it is evident that the individual particles will be
crranged with their shortest dimension, the ¢ exis, perpendicular
to the slide, this being the stzble position for an ellipsoid ct
rest. It is quite simple thon to measure the 2 and b axes with a
filer micrometer, since these extend ;arallel to the plane of
the slide. The avor.ge volume of the particles is dotermined by
dividing the weight of a known number of them by their density -
«nd number, Knowing the volume of o2eh :sarticloy the ¢ axis my
the.a be found, since a and b zre knovm. Ths surface eren is then
c¢..lculated from o, by, z=nd ¢c. ‘

An oxperinental wethod for putting the surfaco arsc
is also undor dovelopment. In this method theo uxterial is
:1lowed to 3t.nd for sowe tine immersed in & liquid in which it
is insoluble. The liquid holds in solution a substuonce capable
of reacting with tho insoluble materjcl, and after a time the
surfaco of each purticle will huve reccted surficiently to givo
o moasure..blo chaunge in woight of the originel szmple. This
chongo in weight is progortionul to the surface .arex of tho
sxigrle. Sowe success h:s been had by treating barium nitr.te
povdors in this w2y with zleoholic solutions cont:oining sulfate
ions. A siwil.r tochnique, uzking us¢ of odsorption phonouen:, hus
tcon deseribed by Hurkins and Gans (9).

Coefficients of Friction

The ignition of jriiinz mixturos h.s been cssunmod to
toko plico through the he:t developed by stutic or kinetic frict-
ion betwoen tho individuzl pcorticles. The sonsitivity to impuct
will do_.ond, then, uson two factors:

1. The minimum tempor:ture ot vhich the wixture will
ignite.

2+ Tho r:te 2t which he.t is develo.ud in the solid
interfaces.

if the rats at which.hocot is developoed in the solid intcrfnces
s 1wt gre.t vnou_hy the hoxt will by conductod zway or othor-
wiso dissipated before tho intorfacc Lecoizos hot onough to
ignite. Tho rito or he.t devoloyument is detcrmined, in turn,
by tho coufficiunt of friction betreen tho particles. 30 tuct
the sonsiitlvity is lin:zll; zropsartioncl to the ignition tompe-
or.turo :nd tc the coofficicnt of friction moe-ns not only that
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the rate of heating is greater, but also that the total amount
of heat develo.ed in the mixture is yreater, and thaut a large
portion of the energy of impact agpears as heat in the mixtiure.

If the coefficients of fristion of explosives were
substantially constant, or vere inoperative in any way, it
would follow that the sensitivity would be proportional to the
ignition temperature only. Taylor and Rinkenbach (1Q) have siiown
, however, that this is not the case. In their iavestization of
twenty initiating explosives, no relationship between the two
wa8 found. The data ziven in table 6 are representative of
their results.

Table &

Ignition  Sensitivity, cus.
Temp. °C. (0.5 kim, weight)

Silver acetylicde D 200 79
Hexametihlene-triseroxide=-

diamine 200 8
Tulcitcl hexanitrate 205 417
lercurous azide 268 o
Lead st .inate 293 50

Evidently, the best way o account {for the lack of
vro,ortion.lity is to essign large values of frictional resist-
aance to those cow,.ounds of high somsitivity, For insionse, mercurous
azide should exlibit a much larger coeflicient o frictioa than
lead sty .hnote. This idec could be checked by ueasuring the
angle of re ose of & yile of wercurous azide crystals and con-
paring with the angle of rejose of lead styphinate. Since the
t.ngent of the angle of repose is equel to the coefficient of
static friction, a very szim.le weans of checking the theory is
availeble. It should he pointed out, tlough, that the sensit~-
ivity data of Taylor and Rinkeunbach wes obtained by crushing
the sumples between nardened steecl surfeces, so that the
frictional forces determining ignition were probably those
between thes steel surfaces and the explosive crystels, and not
nege3scrily those betweem the crystals theusslves. It would
seem advisable in theoretical iavestigations to arap the sample
in tin or lead foil, in order tliat the friction of crystal
against crystal wizht be the solo source of heat (1l).

The coefficient of friction between two substances
is, of coursc, = defifdte :rojerty of the substances, and cannot
be alterod. In a given comrosition i- would seen, tren, that
there would bs liitle chance of incre: - ng or decreasing
sensitivity in this wey. However, it «-0s not seei: entirely
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fantastic to suggest that by making u.: of adserption shenowena,
some profound chan_es might be affecte. in the surface conditions
of the ingredients. The net result of such experiments, of
course, would be the creation of a new surface having different
sroperties. Every crystal would be cheathed in a molecular
envelope too small to affect burning properties, yet thiek enough
to offer incraased resistance to sliding motion. As & matter

of fact, this has already been done in a rather crude way by
adding powdered glass to priming mixtures. If the glass is

fine enough, it will adhiere to the coarser particles by adsorp-
tion and endow them, in effect, with a higher coefficient of
friction. In recent years, the silicides of calciua and iron
have been used with success in place of glass, and the tendency
is to regard them not only as abrasives, but as fuels as woll.
The common assum:tiou that stibnite also has abrasive properties
is open 1o question, The hardness of stibnite is ouly 2; it is,
therefore, alboui as soft as gypsuiiy and even softer than the finger

nail (12).

‘ A nowent's consideration will show, too, that binding
agzants such as gum or glue must increase the eocefficient of
static friction tremendovsly. The coefficient of static friction
i3 a meusure of the resistance to sliding motion of two surfaces
at rest, and since the nature of a binding agent is to hold
surfaces togzether, the coeftficient of static friction. must
certainly increzse when binders are added. In this connection
it seems _robable that static friction is of grecter imjortance to
yrouyt ignition than kinetic friction, which coines into play
only after static friction has been o-srcome. Then, too, static
friction ie always much greater than kiietic friction.

The sensitizing effect of T.N.T. and of tetryl in
chlorate mixtur:s is yrobably not the result of jurely friction-
21l chenonen:i., Organic substances of this type are quite soft,
und if present in excessive amounts, will cesensitize even
chlorate mixtures. Furtheruore, T.!.T. will not sensitise
fuluinate corpositions containing no chlorate. Tetryl end T.N.T.
act in a verr srecific may on chlorates, and the investigation
of lhis action offers another ;roblem to the ex;losives chemist.

The disastrous efiecte of srall auounts of oil or
grease in -.riuing wixtures are well known, and need not be enlar-
red ugon. The effect is purely lubrication of the jarticles
and ellxin.tion of friction within the -ellet.

So.e semi-quentitative ex;erimernts ./ers nade to deter-
mine how nuch enaryy is necessary to fire the standard .30 cal-
iber F. ae 70 priaer, and it is believed that the results confirm
the idea that primer ignition is a purely surface phonomenon

\
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origincting in the solid interfuces of the conjposition. By run-
ning the drop tests on loadod primers and dwmy primers, and compar=
ing the depths of indentation caused by the firing pin, it was found
that about 0.5 inch-ounmes of energy ies needed to fire the priuer,
the rest of the energy being used to deform the cup. It had heen
found previously that potassium chlorate and lead sulfogyanide
ignite at about 2500C,, so that it wus possible to caloulate ’
roughly the weirpht of material that had been heated. Assuming

an average heat capacity of 0.2, the result turns out to be

«000017 grams. Now since ignition ie started in the portion

of the pellet under the znvil point, - ly about one tenth of

the ;ellet is actually under impact. .. 1 by assuming an average
porticle sizs of 10 to 20 microns, a re.sonable figure, it is
possible to calculate, in a very rough fushion, to be sure, the
thickuess of the houtod layer on each particle. Such a calecul-
ation shows thet if the ,000017 gram of waterial is uniforily
distributed over particles of 10 to 20 microns in diameter, the
aunber of yarticles being one-~tenih the number in the pellet, then
the thickness of the heated layer ia from 20 X 108 £o 40 x 1078 cm.
Fho diameter of geteeeium.chlorate and lead "sulfacyanide molecules
is cbout 6 X 10‘ cm., 80 that the result obtained is of the

iz nltlon is ori arlly an affair betveen surface molecules.

Ignition Temperatures

Since priuing mixtures are generully assumed to ignite
through the apyency of heat of internal friction, it becomes imjp-
ortant to inguire into the temperature at which ignition takes
plece. Properly s.eaking, ex;losives do not possess & sharply
defined ignition temperature in the same sense that they possess
wmelting points or deasities, On heating exiplosive materials at

;onstant temperatures, there is encountered a more or less well
defined ranse of tempsratures in which decomposition sets in at
an apyreciable rate, leading finally to ignition or "puffing off".
As the temperature is incrsased, the initial jeriod of quiet
decom08ition is decreased, until a tempsrature is finally reached
where true ignition is practic.lly instantaneous. The theory
of this phenomenon has been discu.sed »y Garner (13), and will
rnot be reviewed here.

An alternative method of determining ignitiom temyerat-
ures, one that is wilely accepted, is to begin hsating the mat-~
erial at a terperature well below the ignition joint. The
tem erature is then iucreased «t a constant rate until ignition
takes jlace. ihe iesults obtaineu 'y this method are largely in-
fluenced by the amounu of decoi.;-0sition taking ;lace before
ignition occurs, and in this respect the procedure is said to be
of value in shoving up unstabls smokeless powders. Under actual
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conditions of use, howsver, ex;losives are subjected to instant=
aneously developed teuperatures, ratier than slowly rising ones,
and the first method is to be preferred for investigating "true"
ignition temperatures.

Taylor and Rinkenbach (10) determined the ignition
temperatures of a large number of initiating explosives. Their
Jrocedure was to drop the sample onto a bath of Wood's metal
held at a constant temperature, L he time of ignition being noted.
The point at which ignition ocourred within one second or less
was taken as the ignition temperature.

Siiilar experiments have be. ™ made at Frankford Arsenal,
using a vertical tubular electric furn. :e. A two-hole plug in
the top of the furnace is jrovided with two metal tubes which
gerve as holders for - lcss tubes, which may be renewed. One of
the glass tubes carries a thermo-couple; the other receives the
sai.les. After constant tewjerature has been reached, the sawmples
are drop.ed into the furnace in the form of pellets and the tiue
of ignition noted. A clean tube is used for each pellet.

So far, only initiating explosives and binary mixtures
of fuels and oxidizers have besn investigated, most of these
beiug common riming ingredients. In meny cases fairly well
defined curves cun be drawn for tiue of ignition wvs. temperuture.
So.ie 3amjples, however, behaved inconsistently, and it was very
difficult to decide where to draw lines through the points. The
short vertical lines at the top of each graph indicate temperat-
ures at which samples failed to ignite withiu 30 seconds. Unless
otherwise noted, 200/~ nesh material w«s used in ull mixtures.

The resulis for otassiuwm chlorate with four fuecls are
shovm in Figure 30. On cow uaring the lead sulfocyanide and stib-
aite curves, it becones evident that the lead salt is the aclive
fuel in the F.A. 70 tyre ci mixture, since i: ipnites about 1500
helow stibnite. Tais is in accordenge with the performancé of
soue experimental :riming mixtures in which lead sulfocyanide and
stibnito were used se;arately with potassiuam chlorate. It was
~roved thet stibnite might be ouitted in chlorate wixtures, but
that the lead salt wes indispensable. Cuprous sulfocyanide ig-
nites slightly above the lead cowpor ', and sirconium is the least
inflarzmcble of the four. Its curve ¢ ‘ins to slope off at 4000,
and had the data been extended further, it undoubtedly would have
ap;roached the teu-erature axis as an asymptote. For couparison,
two yrotechnic com:csitions have been included; strontium and
barium peroxides with magnesium. These also slope off, and their
high ignition temperatures are in line with their insensitivity
to di;act,. :

Barium nitrate nixed with tho sawe fuels is showm
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in Figure 31. Zirconium appears in this case to be quite equal

to le:.d sulfocyanide, and both are far superior to stibmite. This,
again, is in agreement with results obtained from mercury fulmine
ate mixtures in which the stibnite had been replaced by zirconium
or lead sulfocyanide. Cuprous sulfocyanide is almost as difficult
to ignite with barium nitrete as stibnite. It should be-noted
that harium nitrate is quite effective as potassium chlorate in
igniting zirconium, but that it lags far behind on the other thrse
fuels.

Potassium perchlorate mixture= are shown in Figures 32
and 33. he data obtained with salt is v.asatisfactory from the
standpoint of curve tracing, especiamlly w..e lead sulfocyanide
misture. But the relative positions of the points serve well en-
ough for comgarisons. Potassium perchlorate is more stable than
the chlorate, and so it mipht be expected o give higher ignition
terperaturss. This ig, indsed, the case for mixturcs with stibe
nite and the sulfocyanides. The ziiconium mixture, however, is &
decided exception in that its curve lies at least 50° bulow the
zirconium=chlorate curve. Apparently, igunition tewperaturcs de=
pend entirely on the coubination being studied, and cannot always
be inferred froni the .revious behavior of each constituent with
other fuels and oxidizers. The curve for cuprousg sulfocyanide
and potassium perchlorate is a good example of a poor combination
from the stendpoint of inflemwebility. This curve approaches the
Yeuperature axis sc slowly that it is doubtful whether prompt
iznition would occur at any temperature less than about 7009,

In this respect it ranks with the barium nitrate mixtures, so
far ac the data for these shows. 'Bariww nitrats mixtures, of course
have 10 be used with an initiatin: explosive.

Tne results for four initiating explosiv. uare included
in Fijurses 32 and 33. Theso curves are romarkably similar in
thoir ebrupt drop toward the tomperature axis., Diazol checks vory
closely with morcury fulminutoe, bLoth giving instantansous igniticn
at about 2600. Lead styphnate lios about 70° higher. No doubt,
this helps o account for the insufficiunt sensitivity of this
sxlt in .30 calibor priwcrs. The curve for tetracene mlso holps
to oxplain why this muteriul will ovorcone the insensitivity of
lecd styphnute mixtures. Totrucenc she 3 & somewhat lower ig-
nition tomgporatur. than sivrcury fulminac.. In attompting to
corrolate ignition tenpuraturus with sensitivity, a considurablc
rontal resorvation should be uade concorning the uvffucts of
ehanzaes ik the coufficicent of frictiony, as notud in ths section
o friction.

Four strontiuc nitrote coweinations aypy.or in Figurs 24.

lixtures of th. suliocyuanidus with strontiws nitrate check very
closely the cawe mixtures with b.rium nitrate, which might bo ox~
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pected in view of the esimilarity between stroniiwm and barium
compounds., The strontium salt with zirconium and stibnite is
only slightly easier to ignite than the same mixtures of barium
salt. The small difference between strontium and barium nitrates
in this respect probably explains why tlie substitution of stron-
tium for barium in the 353-D mixture me' with so little success,
sven though the heat of combustion shou. i have been increased
thereby. Apparently, there is little to be gained in case of
ignition through the use of strontium nitrate instead of barium
nitrate, at least for the four fuels investiguted.

Some lead peroxide mixtures are given in Figure 35.
The most inieresting feature here is she warked difference
between the leud sulfocyanide and copper sulfocyanide combin=-
ations, a difference shown by these fuels with no other oxidizer.
The data from the lead sulfocyanide mixture is rather erratic,
but the trend toward the region of sensitive meterials like
mercury fuliinute is unmistakeable. This peroxide-sulfocyanide
cowbination deserves further study; it seems to suggest e now
kind of non-corrosive non-fuluinate composition of unsuspected
possibilities. The curves in Figure 35 show «zain that ignition
temperztures are quite unpredictable. Aside frow the difforence
noted above, stibmnits is more easily ignited by lead peroxide
than by potassium perchlorate, but -the reverse is true for cuprous
sulfocyanidoe.

An unexpectud result was obtainsd by varying the gran-
ulatio. of the potussiun chlorate-stibnite nixture to 150/200
and 100/150 mesh. The sieve fractions ussd in thuose mixtures
were obtained from the same sumple of material, yet the curvos
in Figure 36 show a wide divergence of the 150/200 mesh mixture
from the other two graunulations. Naturally, this cannot bhe
expluined on the busis of contact surface between the ingrcedients,
or adsorption of Jater varor on their ~'rfaces, for the 150/200
mesh materiul is intorwmediite in this .. - ject with the other two
sranulations. Tt has not been determine. whether the aume bo-
havior may be observed in other oxidizers and fuels, and no
explanation wili be offercd until the matter has beon investigated
furtncr. The effoct, however, is of nore than passing interest.

It is interesting.to not: {*at all coi_cunds and mix-
turecs used succossfully to initiate coabustion ia the priuer
$01lst give an wluost perpendicular curve cutting tho tewporature
axis below 275°. Sypocifically, the potassium chlorate~lead
sulfocyanido mixture, diazol, mercury fulminate, and tetracene
have this yroycerty. Lead styphnate also gives a curve which drops
quickly toward thu tempurature axis, but its intorscection is some-
what above 300°, and this fact souningly is sufficient {10 place
it just outside tho galo.




The data on ignition temperatures that have been pres-
ented is coi.vincing proof that explo:zivee have no definite ig-
nition ter erature. The term "ignition temperature®™ is quite
meaningless until it has been surrounded by many arbitrary test
concitions. However, the inethod used in the present work for
comparing ease of ignition is quite free of arbitrary conditions,
evan though it does not yet afford a definition of "ignition
temperature"”. The plotting of time vs. temperature gives a curve,
soetiines a varguely defined onse, which can, nevertheless, be come-
pared witih othe. curves as to position, slope, etc. The theoretical
significance of such curves is not yet clearly understood, and
the cause of some of the extremely erratic results cannot yet be
explained. A study of these would urobebly throw coneiderable
light onthe behavior of priming co.positions.

The Priimer Flamo

The wost strikin; feature of flumes in general is their
high texnperaturs, and many attempts have beoen made to relate the
ballistic projerties of primers to their flame. tomperatures,
which have been eitiher measured or calculated. Calculated
temperatures are misleading for sevaeral rsasons:

l. The reactions which are essu. ' in tho calculations have
novor boen proved to take place, and siu. rsactions are ignored
com>letely.

2. Thosc rcactions which do take plecy nover o to coupletion
for apprecicblo amounts of tho original ingredients may be found
in thy rceidue.

3+ -The fluuc is alwaye coolod to soie uxtent by its ruthor
dovious passupc over motel surfaces. The unrcacted particlos
blown out of the .riuwer absorb hoat from the flame, and cool it
8till further.

Borland (14) attempted to mcasure flamo temporaturos
by rocordin; radiation int:nsitles on photograghic plutes,
cowpuring the intensitivs with a standard radiant whose tempor=
ature wus known. Tho duration of tiie flause and its effcct on
ta0 reoorded intensitios was noplectcd, however, and it is doubtw
ful whethir the rosults are ontirsly comparable. Borlund reslized
that the flime tomporature is const_ntly chiznging duo to heat
oxchunge with motil surfaces and unrcacted ingrodionts; so it is
difficult to scc how the torm can huvo any dofiunits moening so
loug <8 various parts of tho flamo zre at diffceremt tomporutires.

The important thing, of coursc, is to havo & rapid




exchange of heat from the flame to the propellant, and any change
in the jricer which facilitates the exchange of heat:should
im,rove the ballistics of the ammuniticn. It is important, too,
to have a fairly constant rate of heat exochange, in order that
uniform ballistics will be obtained. The most obvious way to
increase the rate of heat exchange would be to increase the speed
of combustion of the primer jellet., The flame is them driven fur-
ther into the ;owder charge, the cooling effects previously

noted are reduced, and most im;ortant of all, the hot gases sweep
over the powder grains with greater velooity and heat them up to
ignition more quickly. Ti.e disadvantage of using a high speed
primer is that high local pressures are built up in the primer
cup, causing set-back and leaks. This effect has been noted in
certain fulaninste cowjositions containing large amounts of zirco=-
Rium,

Fortunately, thoere are other ways to fucilitate heat
exchange which can be eusily shown. Taking a simple case of heat
transfer from a hot body to a cold body, the total heat capacities
of both bodies being finite, it can be lemonstrated that the rate
of teuperature rise of the cold body is

dI _ a ¥ 7 | meemmmm————— (4)
dt

\

where T = temperature of the cold body at any time t,

cex g,

and b = - K é é.-o % ; .

K is the overall coefficient of heat trunsfer from the hot to the
cold body, S and 8' the initiml temperatures of the cold and hot
bodies respactively, and C and C' the total heat capacities of
the cold and hot bodies respectively.

In the cuse of ignition in ammunition, the hot body,
of course, is the ;riuwer flamoe and ilhe cold body is the  ro=
poellant charge. The im,ortant thing to note is that the heat ce-
pacity of the priuer flame is an important variable gcverning the
rate of hoating of the progsllant charge. Horeover, the flamos
from various com;ositions may vary widely in their huat capacities.
Some of thoe common gasoous constituents of primer flumes are
listed in Table 7 -rith their specific heats in calories pur gram
at constant volume.
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Table 7

Cy at 1000PC.

Hg vapor «015
Na <195
Cco +195
509 «23L

On integrating Equation 4, the temperature of the cold
body may be expressed as a function of tiuwe:

T=f R+ a ot - F o emememeeeas - (5)

By nreuns of Equation 5 it is now possible to draw curves showing
the rate at which the pases in Table 7 will heat up an equal weight
of nitrocellulose., Figure 37 shows sueh curves in which the
temyerasture of the cold body, or nitrocellulose, is plotted ageinst
time. Thoe nitrocellulose is taken at an initial temperature of
20°C., specific heat 0.3, the gases being heated to 1000°C. The
curve shows that under the stated conditions, the mercury vepor

is totally unable to ignite the nitrocellulose, while the other
four gases cause a prompt rise in temperature. Carbon dioxide

and sulfur dioxide are siightly better ihan nitrogen and carbon
uonoxide, but the difference is negligi: e.

Thess results lead raturally to a consideration of the
rart played by solid and wolten matter in the priwer flame. An
exact quarntitative com_.arisen with gases is not possible, howevasr,
due to the uncertainty regarding K, the overall coefficient of
heat transfer. K umy bs considered constant in the comparison
of gases, and to sinplify matters 4t was made equal to unity in
celculating curves for the gases. But when heat flows from solid
to solid or from liquid to solid, the character of the flow changes
and, quite generally, K increases greutly. The increase may be
anywhere from ten-fold to one hundred-fold (15). And since K
always incre:ses when solids or liquids are substituted for gases,
it is believed that theory i1s not being strained by drawing curves
for moltun ,otassium chloride and stibnite (Figure 37). The
coofiicient K was taken ten times as great as for gases, for the
sake of boing conscrvative, and specific heats of 0.16 for po-
tassiwm ciloride und  0.09 for etibnite were uses (16). The curves
are only approximate, but they show pleinly, in spite of theo
conservutive assumplions, that molten and solid wattor in the
flame is much more sffective than any of thu guses in promoting
ignition.
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The importance of having "incandescent particles" in the
primer flame has been argued pro and con for many yeurs without
the question ever having been settled definitely. The examination
of primer residues suggewts that droplets of molten matter are
more in evidence than incandescent particles, and that these would
certainly cling to powder grains more tenaciously than solids.,
However +that may be, it is fairly certain frow the foregoing
discussion of specific heats that eithor molben or solid matter will
promots ignition wmore quickly than gas.: at the same temperature.
Some of the work rocently dcne at Picati.ny Arsenal (17) shows
that from 60% to 70% of the primer flame is solid or liquid wmatter,
the rest being gases, So that all the evidence, both experimengal
and theoretical, seems to point to solid and liquid wmattsr as an
overwhelmingly active agent in primer flames. It is probable, then,
that the only reason for having any gas at all in the flame is to
get a sufficiently high pressure in the cartridge case at the
woment the propellant charge is ignited. The speed of combustion
of the charge depends, as everyons knows, on the pressure, 80
that a primer which fails to give off a sufficieni amount of gas
may cause hangfires quite as easily as one which doses not yield
a suffieient amount of molten matter.

Experiments are being planned for investigating residues
from yrimor flames in order to deterwine approximately the struc-
ture of the flames. Preliminary work has shown that the distribe
ution :nd degree of subdivision of liquid and solid matter in the
flanes can vary widely with different compositions. The F.A. 70
mixture ,ives a uniform syray of ,otassium sults and stibnite.
Certain fulminate uixtures, on the other hand, ;roduce 4 vory
fine cloud of solid barium oxlide and a few scatterod drogs of
120ltea barium nitru.te and stibnite. The bearing such a differ-
ence might have on the ignition of smoksless powders is obvious.

In the determination of ignition temperatures, it was
found that pellets of potessium chlorate and antimony sulfide
gave ruddish brown residues which werec strongly acid. Now the
reaction erdinarily assumed for thess compounds is

3K0103 + Sb,Sy > S0, + 350, + 3KC1

2
and of course neither of the solid products, potassium shloride
or antiniony oxide, is stronzly acid or colored. JSubsequent ex-
jeriments rroved that a secondury reaction tekes place between
potassium chloride and unburned sti'irite with the formation of
reddish brown potassium .olysulfide and antimony chloride. The
latter comjound ther hydrolyzes in water to give hydrochloric
acid. The question of interaction between pctassium chloride
and antimony oxide has been raised (14), but no evidence of it
was found by this laboratory., It can te shown, however, that
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the sumo kind of reaction takes place i uixtures of lead sule
focyanide and potassium chlorate. The 1 :d salt seems to lose
cranogen gas, which is burned by the chlosate; the residue of
lead sulfide and sotassium chloride then yields potassium sulfide
and lead chloride, wiich reactis acid.

Several .30 caliber primers loaded with the F.A. 70
mixture, which contains chlorate, sii.nite, and lead sulfocyanide,
were fired into an airtigzht flask containing a little water. A
simple titration with standard alkali showed that the averuge
pellet yields 1.71 willigrams of hydrogen chloride on explosion,
while the saine experiment with fulminate primers showed that no
acid is formed. This result is highly significant from the stand=-
point of corrosion in rifle barrels, for the general opinion since
1920 has been that potassium chloride is solely responsible (3).
This would seem to revive the whole question of what constitutes
a corrosive vrimer, since it ought to be possible to get neutral
or alkaline residues from chlorate mixtures by eliminating fuels
which give acid residues. The subjsct deserves to be investigated.
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Iv. CONCLUSIONS
1. . Strontium nitrate and normal lead nitrate show no ad=-

vantage over barium nitrate in fulminate mixtures of the 353
type. . '

2, Cuprous sulfocyanide shows no advanta_e over lead sule
focyanide in the 353 type of fulminate mixture. -Jhen used in wet
mixture of this kind, rapid decomposition sets in.

3., Barium nitrate crystals coated with jotaseium perman.
ganate, trinitrobtoluene, pentaerythrite tetranitrate, or pieric
acid do not improve dry fulminate mixtures. On the contrary, a
marked drop in sensitivity takes place with the last three
com;younds.

4, Tetracene cannot be used as a substitute for mercury
fulminate.

5. Mixtures containing mercury fulminate and lead styphnate
or basic lead picrate have not been successful so far.

6. Compositions 6ontaining mercury fuluinate and lead
st phnate or basic lead picrate are desensitized by wet loading.

7. Dry aercury fulminate compositions containing lead
styphnate are more violent than those containing basic lead
picrate, a strong tendency toward plerced rimers being noticeable.

8. Dry mercury fulninate compositions containing lead
styphnate have less tendency to hangfire than those containing
basic lead picrate.

9, Wet mercury fulminatc mixtures containing lead styphnate
give a better hangfire test thun those containing basic lead
picrate.

10. fet mercury fuluinate mixtures containing either lead
sty hnate or basic lead jicrate show a strong tendeuncy to misfire
iander full machine ~un action. These compositions are generally
inferior to the dry charged mixtures.

11. In the 353=D type of fuluinate mixture, the best hang=
fire tests are obtained by using 150/200 mesh barium nitrate
and 200/~ mesh antimony sulfide. .

12. Mercury fulminate mixtures of the 353 tyype show «
greater tendemcy to hangfire when loaded wet than when loaded
dry. The reverse is true when the lead sulfocyanide is increused




to 15¢ or more, the dry mixtures then giving the greater nwaber
of hangfiros.

13. ijercury fulminate mixtures of high lead sulfocyanide
content, containing no antimony, are quite useless unleass loaded
wet.

14, A very promising non-corrosive ternary mixture (402~W)
can be prejared from merscury fulminate, barium nitrate and lead
sulfocyanide. The hangfire test of this mixture is comparable
with that of the F.A. T70.

15. By gradually substituting zirconium for lead sulfocyanide
in the ternary mixture 402-W, & whole series of non-corrosive
com;ositions can be prepared, none of which have given lags or
hangfires under full muchine jun action.

16, By substituting zirconium for .cad sulfocyanide in the
toernary wixture 402-W, the speed of cowbuction is apparently
incrvased, and when more than 107 zirconium is used, a strong
tendency toward leaky primers is observed.

17. The best sroportion of zirconium to use in four-conm-
ponent, 20% fulminate mixtures is ajp, roxiuately 10%, the other
ingredients boing barium nitrate and lead sulfocyanide, and the
whole adjusted to upproximate oxygen balance.

18, The four=-componert 403-W type of mixture, containing
10% zirconium and 20% fulminate, may have its fulminate content
varied from 158 to 25¢ without affecting the ballistic properties
of the composition.

19, The four-component 394-W type of mixturo, contuining
207, zirconium and’ 20{ fulminate, yiclds lags and hangfiros when
its fuluminate content is vither docreused or increused.

20, In ordor to avoid hangfiros in tho four-couponent
fulwinats mixturus containing zirconium, the granulation of
tho burium nitratc must be at loest cs fine as 200/- wesh.

21. The sensitivity and buallistic offects of mercury fule
minate comjositions are distinctly pooror when either fine or
cvarse fulminate is usod exclusively. It is necessary to have
both fince und coarsc¢ mercury fuli.incte groesont.

22. Tho F.A. 70 type of uixture i not ap,rociably affectod
by coating the potussium chlorate cryst.!. with potassium

pormanganate.




23, Totracene cannot be used in place of T.N.T. for sen=
sitizing the F.A. 70 type of mixture.,

24, The ballistic performance of the F.A. T0 composition
is not affected by varying the granulation of the potassium
chlorate and antimony sulfide through the 100/150, 150/200, 200/-
mesh sieve fractions, using all nine of the possible cowbinations.

25, The ballistic performunce of the Fe.A. 70 type of mixture
is very much impaired by dry charging, which causes a uarked .
tendency to hangfirs.

26. The sensitivity and ballistic effects of the F.A. 70
couposition are not altered noticeably by leaving out the
stibnite altogether.

27. The ballistic performance of the F.A. 70 couposition
is apparently unchanged when both stibrn. “e and T.N.T. are omitted,
but the absence of T.N.T. causes a shary decrease in sensitivity.

28. The Rathsburg coujosition containing tetrucene and lead
stvphnate is definitely impaired by wet locding.

29, The Rathsburg com; osition containing basic lead picrate
in yplace of the styphnate is desensiiized by wet loading.

30, Tetracene has a marked sensitizing effect on the Raths-
burg mixture containing either the basic picrate or styphnate
of lead,

31, Basic lead picrate is inferior to lead styphnate in
the Rathsburg priner.

32, The Rathsburg primer is equivalent to the mercury ful-
minate priner from the stundpeint of sensitivity and hangfires.
It has tiie advantage thut no mercury is yresemt in the mixture;
its chief disadvantage is the danger of handling lead styphnate.

33. Diazol shows ,romige as a supstitute for mercury ful=-
minate,

34, Antimony sulfide is of little value as fuel or abrasive;
ite chief function is probably that of heat carrier as shown in
tiie section on the Priuer Flame.

35, No generul rules can be giver for the effects of wet
charzing on the performance of _rimers. The effects of wet
charging are specific for each comgositic.:.




size ratio of the one to the other.

37. According to theory, the speed of cowmbustion of any
inflammable mixture should vary with the absolute granulation of .
the ingredients.

r 38, According to theory, the observed discrepancy between
ignition touperatures and impact sensitivities of explosive
materials is caused by variations in the forces of friction between
the crystals,

39, No goeneral rules can be drawn for predicting the ease
of ignition of a binary mixture of oxidizer and fuel. The ease
of ignition is peculiar to each mixturs.

40, Among tho samples studied, the ignition temperature
curves for initiating explosives and mi: tures that are sufficiently
sensitive for .30 caliber primers were u " similar, and intersected
the temperature axis at or below 275°C.

41, . The ignition teuperature curve for a wixture of po-
tassium chlorate and stibnite depends in some unknown way on the
granulation of the ingredients.

42. According to thsory, the rate of heat exchange between
priner flame and progpellant charge depends on the heat capacity
of the flame. In this respect, nitrogen, sulfur dioxide, and
the oxides of carbon are su,erior to mercury vapor. Because of
the greater overall coefficient of heat transfer, solid or molten
natter is more effective than gases.

43, The function of gas in the primer flame is not to ig-
nite the yowder zrains, but to create a sufficiently high ;res-
age at the moment igniiion occurs.

44. The corrosive action of chlorate primers on rifle bare

rels is due, at least partly, to the liberation of hydrochloric
acid during explosion.
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v. RECQ!L ENDATIONS

l. The non=corrosive, three-component mixture containing ,
mercury fulminate, barium nitrate, and lead sulfocyanide should
be investigated further.,

2. The non-corrosive, four-component mixture containing
mercury fulminate, barium nitrate, lead sulfocyanide, and
zirconium should be investigated further,

3. Expericental mixtures should be made with diazol, tet=-
racene, end possibly basic lead picrate, with the object of
developing a non-mercuric, non-corrosiv. composition., Lead sty-
phnate has a bad reputation &s a hazard 'o life and limb, and is
not favored in primer work.

4. The problem of eliminating stibnite from the F.A. 70
ty_.e of mixture deserves consideration, carefully weighing the
advantagss ageinst the disadvantages. This would require an
extensive loading and firing prograii. -

5. The properties of graded microscopic powders and in-
organic c¢ollodds in priming mixtures ought to be investigated
with the object of incremsing the activity of certain sluggish
ingredients.

6. The relationship between granulation and the speed of
combustion and sensitivity of .riming mixtures should be deter-
mined. Information of this kind would help in regulating the
speed of combustion of priwers, and would offer a valuable check
on the theory of granulation.

7. The possibility of altering coefficients of friction
between crystals by means of adsorption phenomena should be
investigated with the object of altering asensitivity to impact.
Wherever jo0ssible, tiie theory of friction forces in sensitive
mixtures should be checked experii.entally.

8. The sensitizing effect of swall quantities of nitro=
organic cow-ounis on chlorate priuers should be worked on, since
it way lead to the sensitizing of slug 3zh oxidizers such as ba~
rium nitrats. ‘

9, Ignition tas.per>tures should be deterwined on additional
binary and perhags ternary i..ixtures. Those mixtures igniting
below 275°C. seem well suited as initiating agents in .30 caliber
Primers, and it ought to be rossible to pick out valuable com~
binations in this way.

10. According to ignition temperature curves, a mixture of
lead peroxide and lead sulfocyanide ignites almost as easily as
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the correspouding chlorate mixture. Tho value of this cowbination
as the basis of a new kind of non=-mércu: .4, non-oorrosive com=
position ought to be investigated.

11, Exgeriments should be made on the use of new fuels,
such as the ferrocyanides, cyanides, oxalates, etc. in both non=
corrosive and chlcrate primers.

12. In view of the agpreciable quantity of hydrochloric acid
liberated during combustion of the F.A. TO composition, it would
be highly desirable to determine to what extent this acid is re-
sponsible for the corrosion observed with chlorate primers in
ganeral. '

13. The possibility of develo:ing a chlorate primer which
gives a neutral or alkaline residus is attractive. 8Such work
should be correlated with the investigation of new fuels for
ignition systena.,

14, Experiments should be continued on determining the
structure of flames with reference to the solid and molten matter
present.,
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VI. SULIARY .

The results of sensitivity tests and hangfire tests
have been described in detail for filty-nine mercuric non-core
roglve oriming mixtures, twenty-three chlorate mixtures, and ten
non-mercuric, non-corrosive mixtures.

The experimental mercuric non~corrosive compositions
included the following lines of endeavor:

1. Substitution of strontium and normal lead nitrates.
for barium nitrate.

2. Substitution of tetracene for mercury fulminate.

3. Sensitizing barium nitrate with potassium per
man cardte, TeNeTey PsE.T.N.y and picric acid.

4. Subétitution of cuprous sulfocyanide for lead
sulfocyanide.

5. Addition of lead styphnate and basic lead ﬁicrate
tc mercuric mixtures.

6. Effect of varying the granulation of berium nitrate
~and antimony sulfide.

7. Relative importance of lead sulfocyanlde and stib-
nite as fuels.

8. Use of zirconium as a fuel.

9. Effect of varying tiie mercury fulminate content of
zirconium mixtures.

10. Effect of varying the granuiation of barium nitrate
in zirconium mixtures.

11, ZEffect of varying the granulation of mercury ful=-
minate.

On experimental potassium chlorate mixtures, the follow-
ing work was dones

1, Sensitiziné potassium chlorate with potassium
peruenganate.

2. Use of tetracene in chiorate mixtures.
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3, Effect on the F.A. 70 mixture of varying the
granulation of potassium chlorate and antimony
sulfide.

4, Relative importance of le.i sulfocyanide and
stibnite as fuels.,

- On non~mercuric, non-corrosive mixtures the expsriuents
includeds

1, Sensitizing effect of tetracene in the Rathse
burg primer.

2. Use of basic lead picrate in place of lead
styphnate in the Rathsburg primer.

3« Substitution of diazol for mercury fulminate
in non-corrosive mixtures.

The effect of wet and dry charging on all types of
mixtures has been observed.

The theory of granulation has been considered. The
condition for maximun sensitivity of a binary mixture of oxie~
dizer snd fuel has been expressed mathematically.

Ignition temperatures have be.1 discussed. Experiment—
al ignition temperature curves ure give.. for twenty-five
initiators and explosive mixtures.

The theory of cosfficients of friction in priming
mixtures has been discussed qualitatively.

The structure of the prime.- flame has been considered.
An expression has been developed for the relative effectiveness
of various primer flame constituents in promoting ignition of the
propellant chargs. Curvea have been drawn for this expression
showing that the specific heat of each primer flame constituent
is an important variable governing the time required for igni-
tion of tho propellant charge.

The liberation of hydrochloric acid during cxplosion
of the F.A. 70 primers has been demonstrated.

Tha possibility of developing a non-corrosive chlorate
primer by a suitablo choice of fuels has been pointod out.
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